We designed a continuing medical education (CME) program to teach primary care physicians (PCP) how to engage in cancer risk communication and shared decision making with patients who have limited health literacy (HL). OBJECTIVE: We evaluated whether training PCPs, in addition to audit-feedback, improves their communication behaviors and increases cancer screening among patients with limited HL to a greater extent than only providing clinical performance feedback. DESIGN: Four-year cluster randomized controlled trial. PARTICIPANTS: Eighteen PCPs and 168 patients with limited HL who were overdue for colorectal/breast/ cervical cancer screening. INTERVENTIONS: Communication intervention PCPs received skills training that included standardized patient (SP) feedback on counseling behaviors. All PCPs underwent chart audits of patients' screening status semiannually up to 24 months and received two annual performance feedback reports. MAIN MEASURES: PCPs experienced three unannounced SP encounters during which SPs rated PCP communication behaviors. We examined betweengroup differences in changes in SP ratings and patient knowledge of cancer screening guidelines over 12 months; and changes in patient cancer screening rates over 24 months. KEY RESULTS: There were no group differences in SP ratings of physician communication at baseline. At follow-up, communication intervention PCPs were rated higher in general communication about cancer risks and shared decision making related to colorectal cancer screening compared to PCPs who only received performance feedback. Screening rates increased among patients of PCPs in both groups; however, there were no between-group differences in screening rates except for mammography. The communication intervention did not improve patient cancer screening knowledge. CONCLUSION: Compared to audit and feedback alone, including PCP communication training increases PCP patient-centered counseling behaviors, but not cancer screening among patients with limited HL. Larger studies must be conducted to determine whether lack of changes in cancer screening were due to clinic/ patient sample size versus ineffectiveness of communication training to change outcomes.
INTRODUCTION
Health literacy (HL) is defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions." 1 Limited HL is associated with poor patient adherence to cancer screening. 2, 3 Patients with limited HL tend to have inadequate knowledge about cancer control concepts; display more misunderstandings about cancer susceptibility and benefits of early cancer detection; and lack numeracy skills to understand risk reduction. 3 They often want health information clarified, but ask physicians fewer questions. 4, 5 Research demonstrates that provider recommendation is strongly associated with patient adherence to cancer screening. [6] [7] [8] Physician communication style when discussing screening may be as important as the mere act of recommending it. 9 Cancer risk communication includes exploring perceptions of susceptibility to cancer, barriers and facilitators to screening ,as well as motivation and selfefficacy to adhere to screening. Patients often want to engage in discussions with their primary care physician about cancer risk. 10 However, physicians may alter health education about cancer screening based on patient sociodemographics. 11 We designed a multi-component continuing medical education (CME) program using unannounced standardized patients (SPs) to teach primary care physicians (PCP) how to engage in cancer risk communication and shared decision making (SDM) with patients who have limited HL. 12 We conducted a randomized controlled trial to compare this CME program to a single-intervention program of provider audit-and-feedback. The primary objective is to determine whether the CME program improves physician communication behaviors and increases patient receipt of breast/ cervical/colorectal cancer screening to a greater extent than audit-feedback alone.
MATERIALS AND METHODS

Study Setting and Participants
This 4-year study (2008 to 2012) targeted seven clinics in New Orleans that serve patients at risk for low HL-minorities, middle-aged or older, publicly insured and uninsured. 2 Five clinics agreed to participate (one federally-qualified health center; two academic clinics, and two clinics with faith-based affiliations). Two clinics declined participation-a multi-specialty practice engaged in other initiatives and one federally qualified health center (FQHC) that did not respond to the invitation. Family physicians and general internists who practice at participating clinics at least one-half day weekly were eligible. Physicians planning to leave before 1 year were excluded.
During the planning of this study, we could not find similar studies with estimates of intraclass correlations (ICC) for cancer screening. We initially aimed to recruit 30 physicians and 10-15 patients per physician based on prior interventions to improve physician-patient communication. Eligible patients included men (age 50-75 years) and women (age 40-75 years) who were enrolled in clinics for≥6 months or had seen their PCP at least 3 times; spoke English; were identified as having limited HL via the Rapid Estimate of Adult Literacy in Medicine [REALM ≤60 equivalent to ≤8th grade] 13 ; and were due for breast/ cervical/colorectal cancer screening based on American Cancer Society's (ACS) 2009 guidelines.
14 Patients were excluded if they planned to change PCPs within 1 year. Tulane University's Institutional Review Board approved this study.
Recruitment Strategy
The study's principal investigator (EPH), a general internist, collaboratively recruited physicians with clinic medical directors. Among 19 physicians, one physician never responded to invitations to participate. During recruitment, study objectives, study design, and unannounced SP visits were explained. All physicians received $100 per visit for three unannounced visits to compensate for encounters with actors that resulted in lost revenue (Cost: $16,200). Physicians earned up to 20 credits from Tulane's CME Office (Cost: $3,940).
The research team worked with clinics' management and nursing staff to determine recruitment strategies deemed least disruptive to workflow. Nursing staff referred patients to onsite recruiters for interviews in private areas. Eligible patients were consented for enrollment, completed brief surveys, and received a $10 gift card (Cost: $1,680). Recruiters were blinded to physicians' study group assignment.
Two physicians in the communication intervention group left their practices within 2 years; however, they completed all SP encounters. Patients who were recruited prior to their physicians' departure continued in the study as long as they continued to receive care at the same clinic.
Study Design and Intervention
Clinics were randomized using a computer random number generator. Each clinic was assigned to one of two groups (communication training and chart audit vs. audit-only). Communication intervention clinics included one FQHC, one faith-based and one academic community site. We randomized at the practice level to minimize chances of patients crossing over to different study groups by seeing different physicians within the same clinic. This design allowed use of the same SPs at communication intervention and audit-only sites without revealing their identities. SPs were assigned to physicians and practice sites only once.
We recruited 19 actors from Tulane's SP program (nine males/ten females; 14 Caucasian/four African-American/ one Hispanic), and developed case scenarios based on SPs' personal experience with cancer screening and family histories of cancer. SPs underwent 18 h of training to standardize case portrayal and ratings of communication (Cost:$5,900). SPs were not allowed to schedule their first clinic visits until they demonstrated accuracy of case portrayals (gave correct history, did not withhold/volunteer information, displayed appropriate affect), accuracy of checklist ratings (followed specific criteria for rating behavior as "poor"/"good"/"excellent"), and quality of feedback (comments relevant to behavior checklist, focused on changeable behavior, offered specific examples, used non-threatening tone).
SPs called clinics to schedule new patient evaluations as uninsured patients. Four of five clinics required $20-$25 copays. At these sites, neither clinic managers nor staff knew when SPs visited. At the hospital clinic, the study team worked with the billing office and clinic manager to obtain preapproved discount co-pays. SP compensation included reimbursement for co-pays ($858) and $275 per-visit-fee ($14,850), regardless of the physicians' group assignment.
Physicians in both groups underwent three unannounced SP visits (baseline; 6 months; 12 months) to measure communication behaviors regarding cancer screening. The study team employed unannounced visits to minimize physicians conscientiously altering their behaviors. SPs portrayed new patients who presented for physicals, had family histories of colon and breast cancer, and were overdue for cancer screening. SP medical history prompted physicians to discuss cancer screening. Given the nature of the communication intervention, SPs were not blinded to physicians' group assignment. Communication intervention physicians were un-blinded after their first SP encounter.
The communication intervention is described in a previous publication. 12 Intervention physicians received training in cancer risk communication and SDM. At the end of each visit with intervention physicians, SPs revealed themselves as actors and gave structured verbal feedback. One week after baseline SP visits, intervention physicians underwent one-onone 30-min academic detailing with a study investigator (EPH) to review the most recent ACS guidelines, clinical red flags for identifying patients with limited HL, and strategies for effective counseling. Physicians were taught to present information in small "chunks"; use simple language, pictures, and "teach back" to discuss complex concepts 15 ; and discuss and check understanding of cancer risks, discuss potential benefits/risks of screening, explore preferences, and negotiate plans. Communication intervention physicians were directed to WebSP (web-based service for SP event management) to review SP ratings of their communication and changes in ratings over time. They received written reports of SP ratings, which included narrative summaries of SP perceptions of the clinic, staff and physicians. Physicians in the audit-only group did not receive SP feedback or communication training. Both groups' patient medical records were audited. All study physicians received two annual cancer screening status reports and aggregate baseline patient ratings of their communication measured using the Perceived Involvement in Care Scale (PICS; 13-item questionnaire measuring doctor facilitation of patient involvement, level of information exchange, and patient participation in decision making). 16 
Data Collection
At recruitment, physicians completed questionnaires to assess demographics, self-rated communication skills and cancer screening knowledge. 12 Patients were administered surveys to assess socio-demographics, health and well-being [SF12v2], 17, 18 cancer screening knowledge, and the PICS. Details of SP rating scales to assess communication behaviors were described previously. 12 SPs completed behavior checklists that incorporate principles of the Health Belief Model, 19 as well as Charles' 20 and Braddock's 21 SDM models. SPs assessed general communication about cancer risks (six items; alpha 0.93-0.96) and SDM on colon cancer screening (six items; alpha 0.91-0.92) after each visit. Female SPs completed behavior checklists for SDM on cervical (four items; alpha 0.87-0.88) and breast cancer screening (four items; alpha 0.95-0.98).
All participating clinics use electronic medical records (EMR). Trained chart auditors reviewed patients' cancer screening status at baseline and in 6-month intervals for 24 months. We assessed whether clinics implemented strategies to promote cancer screening.
Study Variables
The main independent variable is physician/patient study group assignment. Outcome variables are SP ratings of physician communication and patients' colorectal/breast/ cervical cancer screening status at follow-up. Covariates of interest for SP ratings include physician characteristics and SP-physician gender or race concordance. Covariates of interest for cancer screening status at follow-up include patient demographic variables for which there were statistically significant intervention group differences (age, insurance status), length of PCP relationship; family history of cancer, patients' cancer screening knowledge, and clinic use of strategies to promote screening.
Patients' cancer screening knowledge was measured during recruitment and 12-month follow-up telephone interviews. Based on 2009 ACS guidelines, 14 patients' knowledge was coded as correct if they responded as follows: Age to start colorectal cancer (CRC) screening, 50; Tests to screen for CRC-stool test/cards, colonoscopy or "full colon/bowel scope", sigmoidoscopy or "partial colon/bowel scope", barium enema; Age to start breast cancer screening, 40-50; frequency of mammograms, every 1-2 years; Age to start cervical cancer screening-sexually active or age 21; Frequency of pap smears, every 1-3 years.
Data Analysis
We compared baseline characteristics of study groups using Student's t-test for continuous variables and chi square analysis for categorical variables. We used Student's t-test to compare SP ratings of communication intervention versus audit-only physicians at baseline, 6 months and 12 months. Since SPs were not randomly assigned to clinics or physicians, we used multi-linear regression analysis to examine whether observed associations between SP ratings of communication behaviors and physician group assignment were modified by SP-physician racial or gender concordance. We used chi square analysis to compare the proportion of patients in each study group who were up-todate on cancer screening at baseline and follow-up. To assess changes in patient cancer screening knowledge, we used chi square analysis to compare the proportion of patients who responded correctly to questions about screening guidelines during enrollment and 12-month interviews. Two patients crossed-over between study groups when they switched primary care clinics; however, we used an intent-to-treat approach and analyzed outcomes according to patients' original group assignment. The data analysis was performed using STATA 10 (StataCorp LP; College Station, TX).
To inform future research with similar design, endpoints, methods of measurement, and target population, we calculated ICC using a mixed model approach (SAS PROC MIXED) 22 where patients were nested within providers that were nested within clinics:
RESULTS
Participant Recruitment and Follow-Up
We enrolled 18 PCPs, screened 885 patients for study eligibility and enrolled 168 (Fig. 1) . The most common reasons for patient exclusion were REALM >60, being new to physicians, or up-to-date on cancer screening. Patient rates of lost to follow-up in the communication and auditonly groups were 3 % and 8 %, respectively.
Participant Characteristics
Physician demographics were similar across study groups, except a higher proportion of physicians in the audit-only group had academic appointments ( Table 1) 
Standardized Patient Ratings
We conducted 54 unannounced SP encounters. One physician did not have any female SP encounters, nine physicians had only one female encounter, seven physicians had two female encounters and one had three female encounters. At baseline, there were no significant differences in SP ratings of PCP's general communication about cancer risks or SDM about CRC screening (Table 2) . However, at 6 months, communication intervention physicians were rated significantly higher on general communication and SDM about CRC screening than audit-only physicians. Betweengroup differences in SP ratings of communication behaviors remained at 12 months. SP ratings of communication behaviors were not associated with physician characteristics or SP-physician gender/racial concordance. Due to inadequate numbers of female SPs, we could not reliably analyze data on SDM about cervical/breast cancer screening. 
CS Communication Skills
Ãp<0.05 for between-group difference in SP ratings for both behavior subscales at 6-month and 12-month follow-up. These differences between study groups were not associated with SP-physician gender concordance or SP-physician race concordance. There was an insufficient number female SP encounters to measure shared decision making about pap or mammography Standardized patient ratings: † 6-item scale (alpha 0.93-0.96); ‡ 6-item scale (alpha 0.91-0.92)
Patient Cancer Screening Status
At recruitment, 104 patients were due for CRC screening, 84 were due for mammography, and only 47 were due for pap smears given the high rate of hysterectomies (Table 3) . There were no group differences in screening at baseline. Although a higher proportion of patients completed screening at follow-up, there were only significant between-group differences in mammography and no differences in cervical/ CRC screening rates. 
Patient Cancer Screening Knowledge
Less than 30 % of patients knew the age at which to start CRC screening and less than 50 % knew CRC screening test options (Table 4) . Only one-third of patients knew the age at which to start breast cancer screening; however, over 70 % knew that mammography is used for screening. Less than 10 % knew the age at which to start cervical cancer screening; however, more than 60 % knew the frequency with which women should undergo pap smears. Among patients who completed 12-month interviews, screening knowledge did not change. There were no significant betweengroup differences in knowledge. Table 5 displays ICC estimates and recommended sample sizes for future studies. The ICCs and the VIF (design effect) differ by cancer screening type and have the largest effect on CRC screening and mammography. * The total sample size for each category differs between baseline and follow-up due to missing data for patients for whom we were unable to verify cancer screening status at follow-up † p<0.05 by chi square analysis for group differences in cancer screening status for receipt of mammography 
Intraclass Correlates for Cancer Screening Outcomes
DISCUSSION
To our knowledge, this is the first randomized controlled trial that assesses the impact of physician communication training (in addition to audit-feedback) on cancer screening behaviors among patients with limited HL. Similar to previous studies, 23 our study shows that physicians can be trained to achieve and maintain patient-centered communication skills for at least 12 months. However, to date, the impact of training on specific cancer screening behaviors of patients with limited HL has not been described. Our study did not show an association between physician training and completion of colorectal/breast/cervical cancer screening.
Prior studies substantiate the need to train PCPs in general communication and informed SDM about cancer screening. [24] [25] [26] Physician training in patient-centered communication skills may be particularly important for addressing disparities in CRC screening. Patients have multiple test options; however, prior research demonstrates that providers often do not counsel patients on or elicit patient preferences for different screening options. 27 Comprehensive discussion of alternative options may increase the likelihood of patients completing any test, 28 and can ultimately reduce health disparities. Our CME program's focus on cancer screening among patients with limited HL is salient, given research showing that physicians tend to overestimate literacy, 29 which may lead to their use of ineffective counseling strategies.
Multiple factors influence patients' cancer screening behaviors, including socio-demographics, family history of cancer, physician recommendation, usual source of care, patient knowledge, preventive health care utilization patterns and perceived barriers. [6] [7] [8] 30, 31 The Community Services Prevention Task Force recommends several interventions to increase colorectal, breast and cervical cancer screening: patient education, client-directed reminders, reduction of structural barriers, reduction of out-of-pocket costs, and provider-directed audit and feedback. 32 Although the strength of evidence for these interventions varies, provider-directed audit and feedback increases screening for all three cancers. All study physicians underwent audit and feedback. Although a higher proportion of patients completed screening, changes in cancer screening rates were nonsignificant.
This study has several limitations. Practice sites that chose not to participate may differ from study participants in communication behaviors and knowledge of and practice adherence to clinical guidelines. Moreover, because we did not meet our recruitment goals, our sample size limited our ability to detect the impact of physician training on patients' cancer screening behaviors. Our ICC estimates indicate that the design effect differs for each cancer screening outcome, and that a larger sample size was needed to detect differences in CRC screening and mammography. We share our study findings to add to recent literature examining ICC estimates for cancer prevention cluster randomized trials. 33, 34 This study was designed to assess whether cancer screening would increase within 24 months of the intervention. Longer follow-up is indicated, given current recommended intervals for CRC and cervical cancer screening. The lack of change in knowledge may reflect physician and patient uncertainty in the face of differences in guidelines across professional societies and expert groups, frequent changes in these guidelines, and the resulting conflicting messages regarding these cancer screening. This problem merits further investigation and is a target for future research.
SP ratings may be biased, since they were not blind to physician intervention assignment. Blinding of SPs was not possible, since they both delivered the intervention (if assigned to do so) and measured physician performance. To minimize subjectivity, we anchored each SP checklist item with pre-defined performance criteria to standardize ratings. We did not use audio-recordings to assess role fidelity and validate SP measures. Instead, we used experienced SPs who helped study investigators develop case scenarios to maximize standardization. Unannounced SPs have been used extensively to assess variations between clinicians in quality of care and adherence to clinical guidelines, and to evaluate educational interventions. 35 Prior studies have shown that properly trained SPs compare well with independent assessment of recordings of unannounced SP encounters, and may justify their use in comparing quality of care across practice sites and clinicians. 36 SPs are regarded by some as the reference standard for assessing performance 37 and have been used to reliably measure provider skills. We did not measure patients' perceptions of physicians' communication about cancer screening or audiotape visits with patients. Therefore, we cannot validate whether skills measured in SP encounters were used consistently with patients or whether patients perceived physician use of these skills. We opted not to use clinic patient ratings of physician skills, since these ratings may vary by several factors, including whether or not patients choose or are assigned to their physicians, and by the length of the relationship. 39 Finally, we did not activate patients to seek screening, and we did not set up visits to address cancer screening. Instead, we deferred to clinics' usual practices to minimize observation bias.
For future research, we recommend several methodological considerations. Larger studies must be conducted to determine whether lack of changes in cancer screening were due to our sample size of clinics/patients versus ineffectiveness of communication training to change outcomes. Our study provides ICC estimates that can be used to guide future research. If measures of SDM on colorectal/breast/ cervical cancer screening are included in the same study, consideration should be given to employing female SPs only. Finally, cost effectiveness analyses would help to inform implementation and dissemination of both audit/ feedback and communication strategies to improve cancer screening among primary care patients with limited health literacy.
